A cDNA clone for the P-chain of human alcohol dehydrogenase (ADH) was used to isolate several cross-hybridizing clones from a mouse liver cDNA library. Clones pADHm9 and a portion of pADHm 12 were sequenced. pADHm9 coded for a sequence of 151 C-terminal amino acids and some untranslated sequences from the 3' end of its corresponding mRNA. This clone was identified as an A&z-I cDNA clone. Consistent with the known expression of Adh-1, this gene was expressed constitutively in liver, whereas the Adh-3 gene product was found only in stomach, lung and reproductive tissues. Furthermore, the translated region of the cDNA shared 910/, amino acid sequence homology with rat liver ADH. ["P]pADHm9 was used as a hybridization probe to study the mechanism of androgen induction of kidney ADH activity. Induction of A/J female mice by androgen resulted in a dramatic increase in the steady-state level of Adh-1 mRNA content which correlated with the level of enzyme induction. The size of the mRNA obtained from control or induced kidney and liver tissues was indistinguishable by Northern analysis.
[ "PlpADHm9 was also used to probe restriction fragments ofgenomic DNA obtained from several inbred mouse strains. The hybridization patterns, considered with the genetic evidence, suggested that pADHm9 recognized sequences which may be present as only a single copy in the genome. No restriction fragment length polymorphisms were observed among the several inbred mouse strains examined. The first step in the major route for the metabolism of ethanol in mammalian liver is catalysed by ADH.
In the mouse the Ad/z-l gene on chromosome 3 encodes the major ADH (A,) expressed in liver (Holmes et al., 1981) . The Adh-I gene is defined by allelic variants which affect the electrophoretic mobility of the enzyme. Kinetic analyses support a major role for this enzyme in ethanol metabolism (Algar et al., 1983) . Allelic variation at a single regulatory locus results in differences among inbred mouse strains in the temporal development of liver ADH activity. Thus, inbred strains possessing high and low levels of liver ADH activity as adults do not differ in ADH activity until after 25 days of development. Alleles at this temporal locus (designated Adh-lt) determine the level of ADH protein in liver by modulating the rate of ADH synthesis (Balak et al., 1982) . This regulatory gene is tissue specific in its expression and affects level of expression ofAdh-l in liver but not kidney tissue. As another parameter of regulation. a wild stock of Danish mice has higher activity of kidney ADH than any of the inbred lines examined but has a low liver activity (Holmes et al., 1982; M.R.F., unpublished observations).
In addition to this genetic control, Adh-I is androgeninducible in kidney (Ohno et al., 1970) .
Another ADH possessing divergent substrate specificity and tissue expression is encoded by the Adh-3 gene which is tightly linked to Adh-1 (Holmes et al., 1981b) . A tightly linked, c&acting, temporal locus (Adh-3t) controls the tissue-specific expression of this enzyme (Holmes et al., 1981a) . All inbred strains express this gene product in stomach, lung and kidney, but, due to allelic variation at the Adh-St locus, certain strains fail to express this gene product in reproductive tissues.
In this paper we describe the isolation of a partial cDNA clone which by DNA sequence analysis appeared to code for mouse ADH-1. This clone was used to determine the size of the Adh-l mRNA. In addition, we confirmed that androgen induction of kidney ADH enzyme activity was accompanied by an increase in the amount of a putative Adh-1 mRNA. Adh-l clones described here will extend the formal genetic and biochemical analysis such that the mouse ADH system will also provide insight into an understanding of the regulation of mammalian genes when analysed at the molecular level. 
(b) Selection of pADHm9
A cDNA library (Norgard et al., 1980) prepared from SWR/J mouse liver poly(A)' RNA was provided by Dr. John J. Monahan, Roche Institute of Molecular Biology. Screening was done using standard protocols (Maniatis et al., 1982; Gergen et al., 1979; Grunstein and Hogness, 1975) using cDNA for the b-subunit of human ADH (Duester et al., 1984) as probe. Human ADH cDNA was purified from the recombinant plasmid by cleavage with PstI. separation by agarose gel electrophoresis and subsequent recovery from DEAE membranes.
Purified cDNA was labeled with [x-"P]dCTP to a specific activity of l-5 x 10' cpm//cg by nick-translation (Rigby et al., 1977) . Hybridization was done in 3 ml of SO"/, formamide, 5 x SSC. 100 keg/ml salmon sperm DNA. 5 x Denhardt (1966) medium, 150 pg/ml yeast tRNA, 50 mM sodium phosphate, pH 6.5. and 100 Lig;rnl poly(A) containing 3 x lo6 cpm at 42'C for 18 h. The filters were washed in a solution of 5 x SSC, I ",, SDS, 0.1 "o PVP. 0.1";) Ficoll, 5 mg/ml glycine for 2 h at 65 -C and then twice in 2 x SSC for 30 min at 65 'C. Positive colonies were identified by autoradiography.
picked and rescreened.
To increase the likelihood of detecting mouse cDNA clones containing coding sequences, a 300-bp P.vrI-Suu3A fragment of the human cDNA was isolated by PA gel electrophoresis (Maxam and Gilbert, 1977 ) and labeled by replacement synthesis (Maniatis et al., 1982) to a specific activity of approx.
10" cpm,'/lg. In this fragment, 273 of the 300 bp represent sequences that are translated in human ADH mRNA.
(c) Restriction mapping and sequencing
Recombinant plasmids were isolated from positive colonies, and the size of their inserts was determined by agarose gel electrophoresis (Maniatis et al., 1982) . Southern (1977) blots containing inserts from mouse cDNA clones were hybridized with nicktranslated human ADH cDNA (Rigby et al., 1977) to confirm that mouse inserts were complementary to the human ADH cDNA. Restriction maps of several clones were obtained by standard means using single and double enzymatic digestions. One clone, designated pADHm9, was completely sequenced (Maxam and Gilbert, 1977) . A portion of a second clone, pADHm12, that extends slightly further in the 5' direction, was also sequenced.
(d) RNA isolation and analysis
Total RNA was isolated using the guanidinium thiocyanate method (Chirgwin et al., 1979) . Electrophoresis of RNA was done in formaldehydedenaturing agarose gels (Lehrach et al., 1977) using 20 mM Hepes, pH 7.8, as the buffer. RNA was blotted onto nitrocellulose (Thomas, 1980) and hybridized (Andrews et al., 1982) 
DNA.
RESllLTS
(a) Identification and sequencing of a putative mouse ADH cDNA clone About 7000 colonies were screened to identify cells harboring recombinant plasmids containing putative mouse liver ADH cDNA sequences using the 300-bp PstI-Suu3A fragment of human ADH cDNA (Duester et al., 1984) . This fragment primarily contains ADH-coding sequences thus increasing the probability that we selected plasmids coding for mouse ADH. After three sequential rounds of colony hybridization, five clones were chosen for further study. Restriction mapping indicated that the inserts in these chosen recombinant plasmids were related and overlapped. The restriction map obtained for one plasmid, pADHm9, is shown in Fig. 1 . The sequencing strategy shown below the map was followed and both strands including all overlaps were sequenced. Part of the strategy included partial sequencing of the cDNA insert in pADHml2, a nearly identical recombinant plasmid whose insert extended about 10 bp in either direction beyond the ends of the pADHm9 insert. The complete nt sequence was shown in Fig. 2 . This sequence included a single ORF which encoded 15 1 C-terminal aa of the mouse ADH-1 protein and 133 bp of 3'-untranslated region. pADHm9 apparently did not contain the 3' end of the mouse ADH mRNA. The probable identity of this clone was based upon the homology of its encoded aa sequence to the aa sequence for rat ADH (Branden et al., 1975) . A comparison of the rat and mouse ADH aa sequences was given in Table I .
(b) Androgen induction of RNA complementary to pADHm9
We next studied the ability of androgen to alter the steady-state levels of ADH enzyme activity and RNA sequences complementary to pADHm9 in mouse liver and kidney. Female A/J mice were implanted with androgen pellets and killed after 12 days. ADH enzyme activity in liver and kidney was determined for some animals while other ani- mals in the same group were used for extraction of kidney and liver RNA. After 12 days of continuous testosterone administration, the increase in the specific activity of kidney ADH was nearly 15-fold (Table II) . Semi-quantitation of the pADHm9-like sequences in RNA preparations from control and induced animals was determined by hybridization with nick-translated pADHm9 and autoradiography. As can be seen in Fig. 3 , the RNA prepared The change in property is from the rat to the mouse ADH.
from kidney tissue of induced animals contained a greater abundance of sequences complementary to pADHm9 than uninduced animals. Based upon densitometry of serially diluted RNA samples (Fig. 3B) , the induction pADHm9-like RNA scquences in androgen-treated animals was estimated to be 15 to 20-fold greater than in control animals. This correlated with the increase in specific activity of kidney ADH after 12 days of androgen induction. As can be seen in Fig. 3A , there was no detectable effect of androgen administration upon RNA levels complementary to pADHm9 in liver tissue. Total cellular RNA was isolated and separated by electrophoresis on denaturing agarose gels. Putative ADH mRNA was located on Northern blots hybridization to nick-translated pADHm9 ( Fig.   by   4 ).
Androgen induction of ADH in kidney and liver tissues of A/J female mice
Results are mean i standard deviation for at least three animals in each group. Mice were androgen-Induced for I2 days with m~planted testosterone pellets. ADH actiwty was determined as previously described (Balak et al.. 1982) . Administration of androgen clearly increased the relative concentration of a discrete 1.5-kb RNA in kidney that was complementary to pADHm9. Both induced and control kidney RNAs appeared as single electrophoretic species that was not distinguishable by size from a corresponding liver RNA.
(c) Analysis of pADHm9 sequences in genomic DNA

Genomic
Southern blots were prepared using high-M,. DNAs obtained from seven inbred strains of mice that were digested with two restriction enzymes which did not recognize sequences in pADHm9
cDNA. Radiolabeled pADHm9 hybridized to 4.1-and l.l-kb EcoRI fragments and 5.2-and 3.7-kb BclmHI fragments (Fig. 5) . The same pattern of hybridizing fragments was observed in DNA from all seven inbred strains.
DISCUSSION
Three lines of evidence strongly supported the idea that pADHm9 was an Ad/z-I cDNA clone. (1) A&-I (but not A&-3) is expressed in liver and codes for an enzyme with kinetic properties like the class I human ADH (Algar et al., 1983) , a group which includes the p subunit of ADH (Strydon and Vallee, 1982 ). An ADH which uses longer-chain alcohols is found in mouse liver but is not immunologically cross reactive with the A&-I gene product (Algar et al., 1983) . Therefore, a clone identified in a mouse liver cDNA library by cross-hybridization with a human p-chain ADH cDNA probe would most likely be an A&-l cDNA clone.
(2) The aa sequence for the 151 C-terminal residues encoded in the cDNA sequence had a 91 yO homology with the aa sequence of rat liver ADH (Branden et al., 1975) . Furthermore, the 12 aa substitutions occurring in a comparison between mouse and rat sequences are quite conservative and only 4 aa involve a change in property of the aa at the variant position in the mouse Iljo68 .
-0.3 c. control; t. tcstosteronc treated for I3 days protein. (3) The finding that pADHm9 mRNA was androgen-inducible in kidney was consistent with the known increase in kidney ADH activity after treatment with testosterone (Ohno et al., 1970) . Finally, the observed increase in enzyme-specific activity after implantation of testosterone pellets correlated well with the observed increase in the steady-state level of a 1.5kb androgen-inducible RNA species measured by hybridization with pADHm9. Therefore, we concluded that the cDNA insert within pADHm9 was derived from mouse A&l mRNA. Additional proteins in mouse kidney are androgen-inducible other than ADH, and the mechanisms have been studied in some detail. For instance, it is known that the induction of ornithine decarboxylase is accompanied by an increase in the specific protein as measured immunologically (Seely and Pegg, 1983 ) and by an increase in the corresponding mRNA are given on the left margin. (Berger et al., 1984) . Glucuronidase protein level and synthetic rates (Swank et al., 1973) , and glucuronidase mRNA activity and concentration (Paigen et al., 1979; Watson et al., 1982; 198.5; Catterall and Leary. 1983 ; Palmer et al., 1983) 
